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Dual-Energy Computed Tomography in Stroke Imaging:
Technical and Clinical Considerations of Virtual Noncontrast
Images for Detection of the Hyperdense Artery Sign
Sebastian Winklhofer, MD,* Ilaria Vittoria De Martini, MD,* Chrisitian Nern, MD,* Iris Blume, MD,*
Susanne Wegener, MD,† Athina Pangalu, MD,* Antonios Valavanis, MD,*
Hatem Alkadhi, MD, MPH, EBCR,‡ and Roman Guggenberger, MD‡
Objective: The technical feasibility of virtual noncontrast (VNC) images
from dual-energy computed tomography (DECT) for the detection of the
hyperdense artery sign (HAS) in ischemic stroke patients was investigated.
Methods: True noncontrast (TNC) scans of 60 patients either with or
without HAS (n = 30 each) were investigated. Clot presence and character-
istics were assessed on VNC images from DECT angiography and com-
pared with TNC images. Clot characterization included the level of
confidence for diagnosing HAS, a qualitative clot burden score, and quan-
titative attenuation (Hounsfield unit [HU]) measurements.
Results: Sensitivity, specificity, and accuracy of VNC for diagnosing
HAS were 97%, 90%, and 93%, respectively. No significant differences
were found regarding the diagnostic confidence (P = 0.18) and clot bur-
den score (P = 0.071). No significant HU differences were found
among vessels with HAS in VNC (56 ± 7HU) and TNC (57 ± 8HU)
(P = 0.691) images.
Conclusions: Virtual noncontrast images derived from DECTenable an
accurate detection and characterization of HAS.
Key Words: dual-energy computed tomography, hyperdense artery sign,
ischemic stroke, thrombus
(J Comput Assist Tomogr 2017;00: 00–00)
T he hyperdense artery sign (HAS) is caused by increased atten-uation of acute thrombotic embolus in intracranial arteries on
noncontrast computed tomography (CT).1 It has a high specificity
for the detection of complete vessel occlusion,2,3 and presence of
HAS is of prognostic importance because it is related to severe
brain ischemia, a poor clinical outcome, and a higher mortality.4–6
Furthermore, qualitative (eg, the clot burden) and quantitative clot
characterizations (eg, Hounsfield units [HU]) on noncontrast CT
are useful in predicting the effectiveness of intravenous (IV) re-
combinant tissue plasminogen activator therapy.7,8 In addition,
clot characterization is recently gaining in importance, because it
is known as the main target in mechanical thrombectomy.9
Current concepts in acute stroke imaging suggest the
acquisition of an initial noncontrast cranial CT in order to
determine possible HAS and extent of thrombotic material
and cerebral parenchymal damage. This is usually followed by
contrast-enhanced scans including CT angiography (CTA) for the
evaluation of the extracranial and intracranial vessels in order to de-
termine the accurate thrombus localization and dynamic perfu-
sion imaging for the evaluation of cerebral parenchymal
integrity (tissue at risk).1,10 In addition, postcontrast scans in
venous phase are often appended in order to exclude pathologies
such as tumor or venous thrombosis. Hence, radiation dose repre-
sents a major issue in acute stroke imaging both at onset and dur-
ing follow-up.11 In addition, contraindications to IV contrast
application, that is, kidney failure, are frequent in stroke patients
and require careful indications.
A promising application of dual-energy CT (DECT) is the
generation of virtual noncontrast (VNC) images from postcontrast
scans possibly obviating prior noncontrast imaging and optimiz-
ing diagnostic yield from IV contrast application.12 By imaging
at 2 tube potentials, the acquired high- and low-voltage data sets
enable material decomposition because of the unique high- and
low-kVp linear attenuation coefficients of a given material.13,14
The postprocessing of postcontrast DECT images is based on
the 3-material differentiation, which allows for a distinction of var-
ious materials such as iodine, blood, or calcifications.13
Recent studies have shown that VNC images generated from
DECTmay allow for replacing true noncontrast (TNC) images for
the assessment of even subtle intracranial hemorrhage or after me-
chanical thrombectomy.15,16 Further applications in the field of
neuroradiology include the differentiation between tumor bleed-
ing and pure hemorrhage, the differentiation between blood and
iodine, or the automated bone removal in DECTangiography.17–21
Other than in CTA, where the proximal end of a thrombus is
marked by the lack of luminal contrast with the rest of the throm-
bus being obscured, VNC images may also allow for thrombus
characterization further distal including thrombus composition
and length. At present, there is no study investigating the technical
feasibility and diagnostic utility of VNC images from DECT for
characterization of HAS in acute ischemic stroke. Hence, we hy-
pothesized that VNC images could allow for accurate detection
and characterization of acute arterial thrombotic emboli with an
accuracy that is similar to that of standard TNC scans. Therefore,
the aim of this studywas to investigate the technical feasibility and
the diagnostic utility of VNC images from DECT angiography
for the detection of HAS in patients with acute thromboembolic
ischemic stroke using TNC scans as standard of reference.
MATERIALS AND METHODS
Patient Selection
All procedures were performed in accordance with local
and federal regulations and the Declaration of Helsinki. The
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retrospective study was approved by the local ethics commit-
tee (2014–0304).
The patient group included 30 patients (16 women and 14
men; mean age, 68 years; age range, 36–90 years) with HAS in
the middle cerebral artery (MCA) scanned between 2012 and
2014. Patients with HAS were identified through the institutional
radiology information system with the search terms “hyperdense
artery sign” and “hyperdense media sign” in the radiology reports.
Inclusion criteria were the availability of TNC images and a
DECT angiography of the same examination. Furthermore, the
presence of a thrombus had to be confirmed by catheter angiogra-
phy or magnetic resonance angiography within 12 hours.
Control Group
A total of 30 patients were included in the control group
(closely age and sex matched; scanned with the same scanner in
the same period; 12 women and 18 men; mean age, 53 years;
age range, 21–87 years). Inclusion criteria were the availability
of TNC images and a DECT angiography of the same examina-
tion. Exclusion criteria were suspected or known ischemia, pres-
ence of parenchymal hemorrhage, or presence of subarachnoidal
hemorrhage. Furthermore, cases with pseudo-HAS as described
elsewhere22 were excluded. The CT indications for the control
group were as follows: trauma (n = 11), tumor (n = 2), inflamma-
tion (n = 3), follow-up unruptured aneurysms (n = 5), headache
(n = 5), other (n = 4).
CT Data Acquisition and Postprocessing
Cranial CT imaging was performed using a dual-source CT
scanner (Somatom Definition; Siemens Healthcare, Erlangen,
Germany) in single-energy mode for the TNC images and in
dual-energy mode for CTA. Tube voltages were 120 kVp for
single-energy mode, and 80 kVp and tin (Sn)–filtered 140 kVp
in dual-energy mode.
Reference tube current–time product was set at 350 mAs/ro-
tation for the TNC image acquisition and 222 and 111 mAs/rota-
tion for the 80/Sn 140 kVpDECTangiography, respectively, using
automated attenuation-based tube current modulation (CareDose
4D; Siemens). Slice collimation was 192  0.6 mm using the
z-flying focal spot; gantry rotation time was 330 ms/rotation,
and pitch was 0.8. Slice thickness was 0.75 mm; increment was
1.6 mm, using filtered back projection. For CTA acquisitions, an
80-mL bolus of iso-osmolar, nonionic iodinated contrast material
(350 mg I/mL, Iobitridol [Xenetix 350; Guerbet, Aulnay-sous-
Bois, France]) followed by a saline flush of 40 mL was injected
into an antecubital vein with a dual-head power injector (Stellant;
Medrad, Indianola, Pa) at a flow rate of 4.0 mL/s. Image initiation
was controlled by bolus tracking with a region of interest (ROI)
in the ascending aorta, using a 120-HU signal attenuation thresh-
old. The image reconstruction was performed using a medium-
smooth reconstruction kernel for DECT (D20f) and for SECT
(H30s). The mean volume CT dose index of TNC images and
that of DECT angiography were 61.8 ± 3.01 and 18.3 ±
2.96 mGy, respectively.
Postprocessing was performed by an independent radiologist
whowas not involved in the following image readout. All data sets
were uploaded, postprocessed, and reconstructed on a dedicated
workstation (syngo MultiModality Workplace, CT Dual-Energy,
Virtual-Unenhanced application, syngo.via Client 3.0; Siemens
Healthcare). The VNC images were calculated from DECT
angiography data by using a 3-material decomposition algorithm.13
Image reconstruction of TNC and VNC images was performed
identically in axial, coronal, and sagittal planes. A slice thickness
of 2.5 mm with an increment of 2.5 mm was selected for the
optimal visualization of HAS23 for both TNC and VNC images
(Figs. 1 and 2).
Image Analysis
Image analysis of the TNC images was performed by 2 inde-
pendent readers. Reader (R) 1 (R1, CN) is a board-certified neurora-
diologist. R2 (SW) is a board-certified radiologist with experience as
a neuroradiology fellow. The presence of HAS in the patient group
and the absence of an HAS in the control group were confirmed
byR1 andR2 in all cases. Disagreements between both readerswere
resolved by consensus. The TNC images were used as the reference
standard. Both, R1 and R2 were not involved in the further readout
regarding VNC images.
Image analysis of the VNC images was performed by 2
different, independent readers. R3 (IB) is a board-certified neuro-
radiologist with 8 years of experience. R4 (RG) is a board-certified
radiologist with 2 years of experience as a neuroradiology fellow.
Disagreements between readers were resolved by consensus.
All readers were blinded to the image acquisition parameters,
clinical patient information, and to the results from the second
reader. The readout was performed on high-resolution monitors
(Flexscan MX 210; Eizo, Ishikawa, Japan), using the picture ar-
chiving and communication system (Agfa, Mortsel, Belgium) of
the hospital. Image windowing was performed individually by
each reader.
First, the presence and the extension of HAS in the TNC im-
ages were verified by R1 and R2 in a consensus readout. The
FIGURE 1. True noncontrast (A), CTA (B), VNC (C), and iodine
(D) images of a 71-year-old male patient with acute ischemic
stroke. C and D are postprocessed images from B. The HAS is clearly
visible in both A and C (arrow). Note the vessel occlusion with the
missing iodine contrast (arrow) in the CTA (B) and in the iodine
(D) images compared with the contrast in the vessel on the
contralateral side.
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VNC images of all 60 cases (30 cases with HAS and 30 cases
from the control group) were than presented in an arbitrary, ran-
domized order to R3 and R4. To assess the intrareader agreement,
R3 repeated the qualitative and quantitative readout after a time in-
terval of 4 weeks to diminish recall bias.
Qualitative Readout
The qualitative readout included the evaluation of the pres-
ence or absence of an HAS in TNC and VNC images according
to the following previously published criteria24: (1) spontaneous
visibility of the whole horizontal part of the MCA, (2) attenuation
of the MCA higher than that of the surrounding brain, (3) disap-
pearance on bone windows, (4) unilaterality, and (5) absence of
subarachnoid hemorrhage. Furthermore, the level of confidence
for the presence of HAS was assessed using an adapted 4-point
Likert scale25: 0 = definitively noHAS present, 1 = HAS probably
not present, 2 = HAS probably present, and 3 = HAS definitively
present. Score of 2 or 3 was defined as positive HAS sign. In order
to determine the extent of thrombus, the clot burden score (CBS)
was calculated for all VNC and TNC cases with HAS. Previous
studies have shown the value of the CBS for the prediction of
outcome after acute ischemic stroke.26–28 The CBS is based
on a 10- to 0-point score, with a score of 10 points implying clot
absence and 0 points implying a complete multisegmental vessel
occlusion.26,27 In brief, 2 points are subtracted from the initial
10 points if thrombus is detected in one of the supraclinoid inter-
nal carotid arteries (ICAs), the proximal half of the MCA trunk,
or/and the distal half ofMCA trunk; 1 point is subtracted if throm-
bus is found in the infraclinoid ICA and for each affected M2
branch.26 Care was taken to avoid misinterpretation of pseudo-
HAS conditions, such as calcified atherosclerotic plaques.22
Quantitative Readout
In all cases with an HAS in TNC images, quantitative
measurements of the vessel attenuation (HU) were performed
in TNC and VNC images. Therefore, ROI measurements of the
attenuation and SDs of the hyperdenseMCAwere performedwith
the standard metric software. An elliptical ROI was placed within
axial slices in the area of the highest density of the vessel, taking
care to avoid areas of inhomogeneity (ie, vessel borders, surround-
ing soft tissue). In cases of HAS in MCAvessels, the same proce-
dure was repeated on the corresponding nonaffected artery on the
contralateral side.29
Statistical Analysis
Continuous variables were defined as mean ± SD or median
and range. Categorical variables were defined as frequencies and
percentages. The Shapiro-Wilk test was conducted to test for nor-
mality of quantitative data.
Cohen κ coefficients were calculated to evaluate the interrea-
der and intrareader agreement regarding the assessment of presence
or absence of HAS in VNC images; κ values between 0.41 and
0.75 were interpreted as fair to good, and values between 0.75 and
1 were interpreted as excellent according to criteria originally pro-
posed by Landis and Koch.30,31
Interreader and intrareader agreements regarding CT number
measurements of HAS and the contralateral, unaffected vessel
were analyzed using intraclass correlation coefficients. Intraclass
correlation coefficients between 0.81 and 1.00 were interpreted
as excellent.30
Sensitivity, specificity, and accuracy for the correct assess-
ment of the presence or absence of HAS in VNC were calculated.
Confidence intervals (CIs) were computed at a level of 95%. The
TNC images were used as reference standard.
The Wilcoxon signed ranks test was conducted to compare
the CBS among TNC and VNC images.
P < 0.05 was considered statistically significant. Statistical
analyses were conducted using commercially available software
(IBM SPSS Statistics, version 21.0; IBM Corp, Armonk, NY).
RESULTS
Interreader and Intrareader Agreement
The interreader and intrareader agreement regarding the
presence of HAS in VNC images was excellent (κ = 0.76 and
0.82, respectively; bothP < 0.0001). The ROImeasurements dem-
onstrated an excellent agreement regarding HU for interreader and
intrareader analysis (intraclass correlation coefficient = 0.94 and
0.97, respectively; both P < 0.0001). Hence, the mean of both
measurements was taken for further analysis.
Qualitative Results
The sensitivity, specificity, and accuracy of VNC images
for the diagnosis of presence of HAS were as follows: 96.7%
(95% CI, 0.828–0.999), 90.0% (95% CI, 0.735–0.979), and
93.3%, respectively.
No significant differences were found regarding the clot bur-
den and extension with a median CBS in both TNC and VNC im-
ages of 7 (P = 0.071).
The median value for the level of confidence was 3 in TNC
and in VNC images, without any significant difference (P = 0.18).
FIGURE 2. True noncontrast (A), CTA (B), VNC (C), and iodine
(D) images of a 66-year-old female patient with acute ischemic
stroke. The HAS is clearly visible in both the TNC and in the VNC
images (C) (arrow). Note the vessel occlusion with the missing
iodine contrast (arrow) in the CTA (B) and in the iodine (D) images
compared with the contrast in the vessel on the contralateral side.
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Details about the level of confidence in cases with HAS are
shown in Figure 3. The level of confidence in VNC images of
the control group was 0 (definitively no HAS): 22 cases (73%),
1 (probably no HAS): 5 cases (17%), 2 (probably HAS): 3 cases
(10%), and 3 (definitely HAS): 0 cases.
Quantitative Results
Mean HUs were significantly different among vessels
with HAS (56 ± 7 HU) and the contralateral, unaffected MCA
(33 ± 8 HU) in VNC images (P < 0.05).
No significant differences were found between vessels with
HAS in VNC (mean, 56 ± 7HU) and the corresponding HU mea-
surement of the same vessel in the TNC images (mean, 57 ± 8HU)
(P = 0.691). Similarly, no significant differences were found be-
tween vessels without HAS in VNC (mean, 33 ± 8HU) and the
corresponding HU measurement of the same vessel in the TNC
images (mean, 35 ± 5HU) (P = 0.059) (Fig 4).
Potential Radiation Dose Saving
The mean total volume CT dose index of VNC (18.3 ±
2.96 mGy) and TNC (61.8 ± 3.01 mGy) images was 80.1 mGy
in TNC images. In cases of discarding the TNC images, this
would have resulted in a potential mean radiation dose saving of
77% of the total radiation dose.
DISCUSSION
This study demonstrates the feasibility of using VNC images
derived fromDECTangiography images for the diagnosis of HAS
in acute ischemic stroke patients. In addition, the high sensitivity,
specificity, and accuracy for the presence of HAS in VNC images
suggest that this technique is almost equally robust as TNC imag-
ing and could be used to rule out HAS as an early sign of ische-
mic stroke and vessel occlusion with comparable diagnostic
performance, respectively. Furthermore, the subjective level of
confidence of the reading radiologists for the diagnosis of HAS
in VNC images was comparable to the diagnosis of HAS in
TNC images.
In addition to demonstrating the technical feasibility and po-
tential diagnostic utility for HAS in VNC images postprocessed
from DECT angiography, we were also interested if there were
any differences between prognostic appraisals based on qualitative
clot characterization.8 We found slight but nonsignificant differ-
ences in the CBS among VNC and the corresponding TNC im-
ages. We believe that they are caused by decreased sensitivity
for distal small vessel occlusions in VNC comparedwith TNC im-
ages due to lower tube potential and consecutive higher back-
ground image noise in DECT angiography. All emboli of the
main trunk (ICA, M1), however, were visible in VNC images in
all cases.
Our study showed highly consistent attenuation values be-
tween VNC and TNC images, suggesting that the applied DECT
decomposition algorithm is robust and allows for calculation of
highly reliable noncontrast attenuation profiles. Quantitative at-
tenuation values in HU of vessels with HAS in VNC images are
in a comparable range with results from previous studies investi-
gating HU measurements in TNC images.7,32 Hence, absolute
HU fromVNC images in HAS could be used for clinical prognos-
tic appraisals as suggested by previous studies.7,33
Jiang et al15 stated that the image quality of VNC images
generated from DECT angiography is characterized by a higher
image noise level and markedly reduced contrast between gray
and white matter compared with TNC images. This might result
in a compromised discrimination of subtle signs of infarct de-
marcation. Even though image quality was not a focus of the pres-
ent study, it might be interesting to investigate this in future DECT
applications. The VNC images are generated from DECTangiog-
raphy images, acquired with essentially different imaging param-
eters compared with TNC images. One of the main differences is
the commonly lower tube current in DECT angiography.11 How-
ever, the tube current can be manually influenced with higher
mAs until the contrast-to-noise ratio is at a level allowing for a
confident assessment of cortical gray and white matter.34 Addi-
tional studies are warranted to assess whether VNC images allow
for the detection of other relevant imaging findings in stroke pa-
tients such as the insular ribbon sign or demarcated infarctions.
However, this was beyond the focus of our study. Nevertheless,
modern CT imaging concepts aim for a reduction of radiation
dose without losing essential image information. If VNC images
will turn out to be equally robust and potentially able to replace
TNC acquisitions, this would result in a considerable radiation
dose reduction as already suggested by Jiang et al.15 Our study
supports this notion because discarding the TNC image acquisi-
tion would have resulted in a mean radiation dose reduction of
FIGURE 3. Level of confidence for the diagnosis of HAS in TNC
and VNC CT images derived from DECT.
FIGURE 4. Quantitative results from CT attenuation measurements
of HAS and the contralateral, unaffected vessel on TNC images
versus VNC images.
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more than 61 mGy. Furthermore, most relevant findings from
TNC images, for example, extent of infarct demarcation or possi-
ble underlying neoplastic conditions, can also be detected in com-
monly acquired late-phase (venous phase) head CT, which is
commonly performed after TNC and CTA image acquisitions
using approximately the same radiation dose as TNC scans.
Even though a very high sensitivity of 97% was demon-
strated for the detection of HAS, one of the cases was missed in
VNC images. In retrospect, having the TNC and the VNC images
next to each other, HAS was indeed slightly visible in this partic-
ular case, and we believe that this was missed because of its pe-
ripheral location (M2 segment) and a relatively high image noise
in the surrounding brain tissue. The latter might compromise de-
tection of peripheral HAS and lead to slightly lower confidence
score in VNC images as shown in this study. On the other hand,
calculated iodine maps can be overlaid on VNC images. Thereby,
the exact localization of embolic vessel obstruction can be
depicted more confidently by a lack of contrast material in the ves-
sel lumen distal to the obstruction site. The described technique
might furthermore be helpful in cases of previous contrast agent
application with remnants of contrast agent in the vessel system,
which might mask HAS and thus lead to higher confidence for
the reading physician.
Study Limitations
First, we did not assess image noise and depiction quality of
brain parenchyma on VNC images. Both potentially impact the
comprehensive assessment of brain damage and will be the focus
of further studies on DECT in stroke imaging. Second, we did not
investigate the influence of the hematocrit on the quantitative and
qualitative image analysis. However, because we were using the
TNC images as reference standard, we believe that the corre-
sponding DECT angiography images should have been affected
in a similar way. Finally, in cases of large and obvious ischemic
demarcations, blinding was not fully possible.
CONCLUSIONS
The VNC images derived from DECTenable an accurate de-
tection and characterization of HAS compared with standard
TNC scans.
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